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PERFORMANCE ENHANCEMENT IN
TRANSISTORS BY REDUCING THE
RECESSING OF ACTIVE REGIONS AND
REMOVING SPACERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Generally, the present disclosure relates to the fabrication
of integrated circuits, and, more particularly, to transistors
comprising a high-k metal gate electrode formed 1n an early
manufacturing stage.

2. Description of the Related Art

The fabrication of complex integrated circuits requires the
provision of a large number of transistor elements, which
represent the dominant circuit element in complex integrated
circuits. For example, several hundred millions of transistors
may be provided in presently available complex integrated
circuits. Generally, a plurality of process technologies are
currently practiced, wherein, for complex circuitry, such as
microprocessors, storage chips and the like, CMOS technol-
ogy 1s currently the most promising approach due to the
superior characteristics in view of operating speed and/or
power consumption and/or cost efficiency. In CMOS circuits,
complementary transistors, 1.e., P-channel transistors and
N-channel transistors, are used for forming circuit elements,
such as inverters and other logic gates to design highly com-
plex circuit assemblies, such as CPUs, storage chips and the
like. A MOS ftransistor or generally a field effect transistor,
irrespective of whether an N-channel transistor or a P-channel
transistor 1s considered, comprises so-called PN junctions
that are formed by an interface of highly doped drain and
source regions and an inversely or weakly doped channel
region disposed between the drain region and the source
region. The conductivity of the channel region, 1.¢., the drive
current capability of the conductive channel, 1s controlled by
a gate electrode formed 1n the vicinity of the channel region
and separated therefrom by a thin mnsulating layer. The con-
ductivity of the channel region, upon formation of a conduc-
tive channel due to the application of an appropriate control
voltage to the gate electrode, depends on, among other things,
the dopant concentration, the mobility of the charge carriers
and, for a given extension of the channel region 1n the tran-
sistor width direction, on the distance between the source and
drain regions, which 1s also referred to as the channel length.
Thus, the reduction of the channel length, and associated
therewith the reduction of the channel resistivity, 1s a domi-
nant design criterion for accomplishing an increase in the
operating speed of the integrated circuits.

The continuing shrinkage of the transistor dimensions,
however, involves a plurality of 1ssues associated therewith
that have to be addressed so as to not unduly offset the advan-
tages obtained by steadily decreasing the channel length of
MOS transistors. For example, highly sophisticated dopant
profiles, 1n the vertical direction as well as 1n the lateral
direction, are required in the drain and source regions so as to
provide low sheet and contact resistivity 1n combination with
desired channel controllability.

With a reduced channel length, generally a shallow dopant
profile may be required in the drain and source regions, while
nevertheless a moderately high dopant concentration 1s nec-
essary 1n view of providing a low series resistance, which 1n
turn results 1n a desired drive current 1n combination with a
reduced transistor channel. A shallow dopant profile 1n com-
bination with a low overall drain and source resistance 1s
typically realized by forming so-called drain and source
extension regions, which may represent extremely shallow
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doped areas extending below the gate electrode structure so as
to appropriately connect to the channel region. On the other
hand, an increased lateral offset from the channel region 1s
adjusted on the basis of appropnately dimensioned sidewall
spacers, which are used as implantation masks for forming
the actual drain and source regions with a desired high dopant
concentration and with an increased depth compared to the
drain and source extension regions. By appropriately select-
ing the size of the drain and source extension regions, channel
controllability may be maintained for very short channel tran-
sistors, while also providing a desired low overall series resis-
tance 1n connecting the drain and source regions to the chan-
nel region. Consequently, for a desired performance of
sophisticated transistor elements, a certain degree of overlap
of the drain and source extension regions with the gate elec-
trode 1s desirable 1n order to obtain a low threshold voltage
and a high current drive capability. The overlap of the drain
and source extension regions with the gate electrode gives rise
to a specific capacitive coupling that 1s also referred to as
Miller capacitance. Typically, a desired Miller capacitance 1s
adjusted on the basis of implantation processes 1n which the
drain and source dopants may be introduced in order to form
the basic configuration of the drain and source extension
regions, wherein the final shape of these regions may then be
adjusted on the basis of a sequence of anneal processes 1n
which implantation-induced damage 1s re-crystallized and
also a certain degree of dopant diffusion may occur, thereby
finally determining the resulting Miller capacitance.

Upon continuously reducing the channel length of field
cifect transistors, generally an increased degree of capacitive
coupling 1s required 1n order to maintain controllability of the
channel region, which may typically require an adaptation of
a thickness and/or material composition of the gate dielectric
material. For example, for a gate length of approximately 80
nm, a gate dielectric material based on silicon dioxide with a
thickness of less than 2 nm may be required 1n high perfor-
mance transistors, which may, however, result 1n increased
leakage currents caused by hot carrier mjection and direct
tunneling of charge carriers through the extremely thin gate
dielectric material. Since a further reduction in thickness of
silicon dioxide-based gate dielectric maternials may increas-
ingly become incompatible with thermal power requirements
ol sophisticated integrated circuits, 1n particular for devices
designed for low power applications, such as mobile devices
and the like, other alternatives have been developed 1n
increasing the charge carrier mobility in the channel region,
thereby also enhancing overall performance of field effect
transistors. One promising approach in this respect is the
generation of a certain type of strain in the channel region,
since the charge carrier mobaility 1n silicon strongly depends
on the strain conditions of the crystalline material. For
example, for a standard crystallographic configuration of the
silicon-based channel region, a compressive strain compo-
nent 1n a P-channel transistor may result in a superior mobility
ol holes, thereby increasing switching speed and drive current
ol P-channel transistors.

One efficient mechamism for inducing a desired strain in
the channel region of transistors 1s the deposition of a highly
stressed material 1n close proximity to the transistors. To this
end, frequently, 1n the contact level of the device, 1.e., the
interlayer dielectric maternial passivating the transistors and
separating the transistors from the metallization system,
appropriate materials may be provided, for instance in the
form of a highly stressed silicon mitride material and the like,
so that the internal stress may efficiently act on the channel
region of the underlying transistors. In sophisticated device
geometries, however, generally the deposition of an interlayer
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dielectric material 1n a void-iree manner 1s difficult to achieve
since the lateral distance between closely spaced gate elec-
trode structures 1s 1n the range of 150 nm and significantly
less. In particular, 1n combination with the above-described
strain-inducing mechanism, deposition-related 1rregularities,
such as voids, are frequently produced upon forming the
highly stressed dielectric material since, 1n this case, the
deposition conditions are significantly determined by the
requirement of inducing a high internal stress level upon
depositing the dielectric material.

Furthermore, in view of reducing static and dynamic leak-
age currents for low power applications, such as mobile
devices and the like, an appropriate adaptation of the material
composition of the gate dielectric material has been contem-
plated so that, for a physically appropnate thickness of a gate
dielectric material, 1.e., for obtaining an acceptable level of
gate leakage currents, nevertheless, a desired high capacitive
coupling 1s achieved. To this end, material systems have been
developed, which have a significantly higher dielectric con-
stant compared to the conventionally used silicon dioxide-
based matenals, such as silicon oxynitride and the like. For
example, dielectric material including hathium, zirconium,
aluminum and the like have a significantly higher dielectric
constant and are, therefore, referred to as high-k dielectric
materials, which are to be understood as materials having a
dielectric constant of 10.0 and higher. Frequently, these
high-k dielectric materials are provided 1n an early manufac-
turing stage, 1.e., upon forming the gate electrode structures,
possibly 1n combination with additional metal-containing
clectrode matenials, which are used to appropriately adjust the
work function and thus the threshold voltage of the transis-
tors. Since these materials may sensitively respond to a plu-
rality of reactive process atmospheres encountered during the
turther processing of the devices, an encapsulation of these
materials may have to be ensured, which 1s typically accom-
plished by forming an appropriate silicon nitride spacer ele-
ment on sidewalls of the sensitive gate materials immediately
after patterning the complex gate layer stack.

Basically, the above-described process sequence allows
providing potentially sophisticated semiconductor devices
designed for low power applications, while nevertheless the
individual transistor elements exhibit a more or less high
performance, for mstance due to the overall reduced size in
combination with, for instance, moderately low gate leakage
currents achieved by the provision of a high-k dielectric mate-
rial. It turns out, however, that significant yield loss may be
observed 1n semiconductor devices formed on the basis of the
above-described process flow, while additionally overall per-
formance 1s lower than expected, although sophisticated tran-
s1stor designs and material compositions in the gate electrode
structures may be used.

With reference to FIGS. 1aq and 15, a typical complex
manufacturing flow for forming semiconductor devices on
the basis of reduced critical dimensions, for instance with
gate lengths of 40 nm and less, will be described 1n more
detail.

FIG. 1a schematically 1llustrates a cross-sectional view of
a semiconductor device 100 1n a very advanced manufactur-
ing stage. As shown, the device 100 comprises a substrate 101
and a semiconductor layer 102, which may in combination
form a silicon-on-insulator (SOI) architecture when a buried
insulating material (not shown) 1s formed below the semicon-
ductor layer 102. In other cases, a bulk configuration 1s used
in which the semiconductor layer 102 1s 1n direct contact with
a crystalline semiconductor material of the substrate 101. The
semiconductor layer 102 comprises a plurality of active
regions which are to be understood as semiconductor regions
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that are laterally delineated by appropriate 1solation struc-
tures 102C and 1n and above which one or more transistors are
formed. For convemience, in FIG. 1a, an active region 102 A 1s
illustrated so as to comprise transistors 150A, 150B. The
transistors 150A, 1508 may represent P-channel transistors
or N-channel transistors and comprise drain and source
regions 152, which are formed on the basis of drain and
source extension regions 152F and deep drain and source
areas 152D. Furthermore, in order to improve the overall
series resistance, a metal silicide matenial 153 1s typically
provided 1n the drain and source regions 152. Moreover, the
transistors 150A, 1508 comprise respective gate electrode
structures 160, which 1n turn include a gate dielectric material
161 which typically includes, as discussed above, a high-k
dielectric maternial, such as hatnium oxide and the like. It
should be appreciated that also conventional dielectric com-
ponents or species, such as silicon oxide-based materials,
silicon oxynitride and the like, may be implemented in the
gate msulation layer 161 1n order to provide stable interface
characteristics and the like. Moreover, an electrode material
162, which may comprise specific work function metal spe-
cies or other metal-containing electrode maternials, such as
titamium nitride, tantalum, tantalum nitride and the like, 1s
formed on the gate dielectric material 161 and may also
comprise a significant amount of a semiconductor materal,
such as silicon. Moreover, 1n the manufacturing stage shown,
a metal silicide 163 1s provided so as to enhance the electronic
characteristics of the gate electrode structures 160. Further-
more, as discussed above, a sidewall spacer 164 1s formed so
as to laterally enclose sensitive gate materials, such as the gate
dielectric material 161 and also the electrode material 162. To
this end, a dense silicon mitride material 1s frequently used.
Furthermore, a spacer 163, for instance comprised of silicon
dioxide, 1s provided and typically has a width that 1s appro-
priate for mcorporating the drain and source dopant species
for the extension regions 152E. Furthermore, a further spacer
166, such as a silicon nitride spacer, 1s provided and may
have, in the manufacturing stage shown, a reduced width in
order to 1ncrease a lateral distance 150X between the gate
clectrode structures 160 prior to the turther processing.

The semiconductor device 100 as shown in FIG. 1a may be
formed on the basis of the following process strategy. The
active region 102 A 1s typically provided by forming 1solation
regions 102C, such as trench 1solations, using well-estab-
lished and complex lithography, etch, deposition and pla-
narization techniques. Therealter, appropriate materials for
the gate dielectric layer 161 and the electrode material 162 are
provided in combination with hard mask matenals, for
instance in the form of silicon nitride and the like. It should be
appreciated that, 11 required, prior to providing a semiconduc-
tor-based electrode material, patterming processes may be
applied 1n combination with appropriate deposition processes
in order to provide work function metal species that comply
with the requirements of P-channel transistors and N-channel
transistors, respectively. After the complex process for pat-
terning the matenials 161 and 162, the liner matenial for the
spacer element 164 1s deposited, possibly in combination
with the material of the spacer 163 and 1s thus patterned on the
basis of, for instance, anisotropic etch strategies, followed by
the patterning of the spacer 165. Consequently, these pattern-
Ing processes cause a significant loss of material of the active
region 102A thereby contributing to a significant recessing,
as 1ndicated by 150Y, after completing the basic transistor
configuration. On the basis of the spacer element 1635, the
drain and source extension regions 152E are formed by 1on
implantation, possibly 1n combination with the incorporation
of a counter-doping species 1n order to locally increase the
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well dopant concentration in the active region 102 A, the basic
dopant profile of which may have been adjusted prior to
forming the gate electrode structures 160. Next, the spacer
166 may be formed, for instance, by depositing a silicon
nitride material and patterning the same followed by a further
implantation process in order to icorporate the dopant spe-
cies for the deep drain and source areas 152D. It should be
appreciated that the spacers 166 are provided so as to comply
with the requirements for implementing a desired complex
lateral and vertical dopant profile. The final dopant profile
may then be established during one or more anneal processes,
thereby also activating the dopant species and re-crystallizing,
implantation-induced damage. In some approaches, the
width of the spacer elements 166 may be reduced by perform-
ing an appropriate etch process 1n order to obtain an increased
lateral distance, as indicated by the distance 150X, 1n order to
improve the conditions for the subsequent deposition of an
interlayer dielectric material. In this case, also a certain loss of
material 1n the active region 102A may be imnduced, thereby
also contributing to the final degree of recessing 150Y. There-
alter, well-established silicidation techniques are applied 1n
order to form the materials 153 and 163, wherein typically, at
any appropriate manufacturing stage, the hard mask material
1s removed from above the electrode material 162, for
instance upon reducing the width of the spacer 166 and the
like.

FIG. 15 schematically illustrates the device 100 1n a further
advanced manufacturing stage. As illustrated, a first dielectric
material 121 of a contact level 120 1s formed above the active
region 102A and the gate electrode structures 160. As
explained above, frequently, the material 121 1s provided 1n
the form of a highly stressed dielectric material, such as a
silicon nitride maternial, which 1s deposited on the basis of
plasma enhanced chemical vapor deposition (CVD) tech-
niques 1 which process parameters are adjusted such that a
desired high internal stress i1s obtained. For example, when
the transistors 150A, 150B are P-channel transistors, the
material 121 1s formed so as to have a high internal compres-
stve stress. The deposition of the material 121, on the one
hand, can provide a moderately thick layer with a high inter-
nal stress level 1n order to enhance performance of the tran-
sistors 150A, 150B, thereby requiring specific process
parameters which, however, may not provide the required gap
filling capabilities so as to completely {ill the space between
the gate electrode structures 160. Consequently, for densely
packed device areas, even the reduction 1n width of the spacer
166 for obtaining the distance 150X may thus result 1n a void
121V positioned between the gate electrode structures 160.
The void 121V may, however, result in device failures during
the further processing, for instance upon forming a further
interlayer dielectric material 122 and patterning the same so
as to form contact openings 123 therein. In this case, the
opening 123 may connect to the void 121V, which, however,
may extend along a width direction, 1.e., along a direction
perpendicular to the drawing plane of FIG. 15, so that, upon
filling the contact opening 123, conductive material may be
deposited 1n the void 121V, thereby forming a buried “tung-
sten channel” which may short adjacent contact elements,
thereby causing significant yield loss.

As a consequence, the process strategy described above
may cause significant yield loss 1n a final stage of forming the
transistors 150A, 150B, while also the pronounced recessing,
150Y may contribute to reduced transistor performance.

In view of the situation described above, the present dis-
closure relates to manufacturing techniques and semiconduc-
tor devices 1n which semiconductor devices, including field
elfect transistors formed with critical dimensions of 40 nm

10

15

20

25

30

35

40

45

50

55

60

65

6

and less, may be provided, while avoiding or at least reducing
the effects of one or more of the problems 1dentified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion 1n order to provide a basic understanding of some aspects
of the invention. This summary 1s not an exhaustive overview
of the mvention. It 1s not intended to 1dentity key or critical
clements of the mvention or to delineate the scope of the
invention. Its sole purpose i1s to present some concepts 1n a
simplified form as a prelude to the more detailed description
that 1s discussed later.

Generally, the present disclosure provides manufacturing,
techniques and semiconductor devices in which superior
transistor performance may be achieved for a given configu-
ration of transistors by modilying, for otherwise given tran-
sistor configurations, the conditions upon depositing an inter-
layer dielectric material, while also reducing undue recessing
of active regions of the transistors. To this end, drain and
source extension regions, possibly in combination with
counter-doped regions or halo regions, may be formed on the
basis of a protective liner material, which may also be used
during the further processing for forming spacer elements
used to 1ncorporate the drain and source dopant species for
deep drain and source areas. In this manner, the degree of
recessing of the active region 1n the vicinity of the gate elec-
trode structures may be reduced, thereby providing superior
transistor characteristics, since, for instance, the reduced lat-
cral offset of the implantation entry point may enable the
application of a reduced implantation dose, while neverthe-
less obtaining the desired overlap between the gate electrode
and the extension regions. Furthermore, a superior overall
series resistance may be accomplished by enabling an
increase 1n size of the corresponding metal silicide regions
due to the reduced material loss 1n the active regions. More-
over, due to the patterned liner material, the additional spacer
clement used for adjusting the lateral profile of the deep drain
and source areas may be efliciently removed, thereby increas-
ing the space between closely spaced gate electrode struc-
tures, which 1n turn may enable the deposition of an interlayer
dielectric material, for instance in the form of a highly
stressed material, without inducing deposition-related irregu-
larities for otherwise given transistor dimensions.

One 1llustrative method disclosed herein relates to a
method of forming a semiconductor device. The method
comprises forming a protective liner above an active region
and a gate electrode structure that 1s formed on the active
region and that comprises a dielectric cap layer. The method
turther comprises forming drain and source extension regions
in the active region 1n the presence of the protective liner.
Moreover, a spacer structure 1s formed on the protective liner.
The method turther comprises removing an exposed portion
ol the protective liner by using the spacer structure as an etch
mask. Additionally, the method comprises forming drain and
source regions by forming deep drain and source areas in the
active region 1n the presence of the spacer structure.

A further illustrative method disclosed herein comprises
forming a protective liner above an active region of a transis-
tor, wherein the protective liner covers a gate electrode struc-
ture that 1s formed on the active region. The method further
comprises forming drain and source extension regions by
incorporating a drain and source dopant species 1n the active
region through the protective liner. The method further com-
prises forming a spacer element on sidewalls of the gate
clectrode structure and forming drain and source regions 1n
the active region by using the spacer element as an implanta-
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tion mask. Furthermore, the method comprises removing the
spacer element and the dielectric cap layer of the gate elec-
trode structure after forming the drain and source regions.
One 1llustrative semiconductor device disclosed herein
comprises an active region formed above a substrate and a
gate electrode structure formed on the active region. The gate
clectrode structure comprises an electrode material and a gate
dielectric layer including a high-k dielectric material. The
semiconductor device further comprises a protective liner
having a first portion formed on sidewalls of the electrode
material and the gate dielectric material, wherein the protec-
tive liner has a second portion that i1s formed on the active
region. Furthermore, drain and source regions are formed in
the active regions and a strain-inducing dielectric material 1s
tformed adjacent to and 1n contact with the protective liner.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
tollowing description taken 1n conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and 1n which:

FIGS. 1a and 15 schematically illustrate cross-sectional
views ol a semiconductor device during various manufactur-
ing stages in which a pronounced recessing of the active
region and deposition-related 1rregularities upon forming an
interlayer dielectric material may result 1n reduced device
performance, according to conventional strategies; and

FIGS. 2a-2/ schematically illustrate cross-sectional views
of a semiconductor device during various manufacturing
stages 1n forming one or more transistors having superior
performance and resulting in higher production yield by
avoiding deposition-related irregularities, according to 1llus-
trative embodiments.

While the subject matter disclosed herein 1s susceptible to
various modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be
understood, however, that the description herein of specific
embodiments 1s not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention 1s
to cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of the invention as defined by
the appended claims.

DETAILED DESCRIPTION

Various 1llustrative embodiments of the mvention are
described below. In the interest of clarity, not all features of an
actual implementation are described 1n this specification. It
will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers” specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementation
to another. Moreover, 1t will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present subject matter will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain i1llustrative examples of the
present disclosure. The words and phrases used herein should
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be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled 1n the relevant art. No special definition of a term or
phrase, 1.¢., a definition that 1s different {from the ordinary and
customary meanming as understood by those skilled 1n the art,
1s intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase 1s intended
to have a special meaning, 1.e., a meaning other than that
understood by skilled artisans, such a special definition wall
be expressly set forth in the specification 1 a definitional
manner that directly and unequivocally provides the special
definition for the term or phrase.

The present disclosure generally provides manufacturing,
techniques and semiconductor devices in which transistors
may be formed on the basis of a superior manufacturing
strategy, which may result in superior transistor performance
and higher production yield for otherwise given design
requirements. For example, 1n particular in low power appli-
cations, the transistor elements of semiconductor devices
have to be provided on the basis of small critical dimensions,
such as 40 nm and less, when the gate length of a field effect
transistor 1s considered, while, typically, sophisticated gate
materials, such as a high-k dielectric material, has to be 1mncor-
porated 1nto the gate electrode structures. Moreover, in device
areas with a high “transistor density,” the formation of a
dielectric layer that 1s used as an etch stop material and/or as
a strain-inducing mechanism upon forming the contact level
of the device, the lateral distance between the gate electrode
structures may be increased by omitting spacer elements
which are conventionally used for incorporating the drain and
source extension species. Furthermore, the spacer used for
determining the lateral dopant profile of deep drain and
source areas may also be removed 1n a highly efficient man-
ner, thereby resulting in superior deposition conditions for
otherwise given geometric constraints of the semiconductor
device.

With reference to FIGS. 2a-2/4, further 1llustrative embodi-
ments will now be described 1n more detail, wherein refer-
ence may also be made to FIGS. 1a-1b, 11 required.

FIG. 2a schematically 1llustrates a cross-sectional view of
a semiconductor device 200 comprising a substrate 201 and a
semiconductor layer 202. As already discussed above with
reference to the device 100, the substrate 201 and the semi-
conductor layer 202 may form an SOI configuration or a bulk
configuration, as required by the overall concept of the device
200. Furthermore, the semiconductor layer 202 may be
divided into a plurality of active regions by means of an
1solation region 202C, which may be provided 1n the form of
a shallow trench 1solation and the like. For convenience, a
single active region 202A 1s illustrated 1n FIG. 2a. Further-
more, 1n this manufacturing stage, gate electrode structures
260 may be formed on the active region 202A. In this manu-
facturing stage, the gate electrode structures 260 may com-
prise a gate dielectric layer 261, which, 1n some 1llustrative
embodiments, may include a high-k dielectric material, as 1s
also discussed above, followed by one or more electrode
maternals 262, such as a metal-containing electrode material
(not shown) in combination with a semiconductor-based
material. Furthermore, a dielectric cap layer 267, for instance
comprised of silicon dioxide, may be formed above the elec-
trode material 262. It should be appreciated that the dielectric
layer 261 and the electrode material 262 may have any appro-
priate configuration as required for implementing a desired
work function and thus threshold voltage of transistors to be
formed 1n and above the active region 202A. Similarly, the
active region 202A may comprise an appropriate semicon-
ductor alloy (not shown) at a surface thereot, 1f considered
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appropriate or necessary for adjusting the corresponding tran-
sistor characteristics. For example, any such semiconductor
alloy, such as a silicon/germanium alloy, may be provided for
some transistors only, 11 any such transistors require specific
threshold voltage values.

The semiconductor device 200 as shown 1n FIG. 2a may be
tormed on the basis of the following processes. After forming
the 1solation region 202C, which may be accomplished by
lithography, etch, deposition, anneal and planarization tech-
niques, the basic dopant concentration may be formed in the
active region 202A 1in compliance with the characteristics of
the one or more transistors to be formed 1 and above the
active region 202A. To this end, well-established implanta-
tion techniques in combination with masking regimes may be
applied. Thereafter, the gate electrode structures 260 may be
formed by depositing or generally forming appropriate mate-
rials for the layer 261 and at least a portion of the material 262,
which may be patterned, 11 required, 1n order to appropriately
adjust the work function of the gate electrode structures 260
with respect to other gate electrode structures in other device
areas. In other cases, a single electrode material 262 may be
appropriate for obtaining the desired transistor characteris-
tics. Hence, after the deposition of the material 262 and the
cap material 267, possibly in combination with other mater:-
als, such as anti-retlective coating (ARC) materials and the
like, a complex patterning process may be applied so as to
torm the gate electrode structures 260 with the desired lateral
dimensions. For example, a length of the gate electrode struc-
tures 260, 1.e., the horizontal extension of the electrode mate-
rial 262, may be 40 nm and less 1n sophisticated applications.
It should be appreciated that, in some 1llustrative embodi-
ments, the cap material 267 may be provided in the form of a
material that may have substantially the same etch character-
1stics of a spacer structure that may be provided in a later
manufacturing stage so as to form deep drain and source areas
in the active region 202A.

FIG. 2b schematically illustrates the device 200 with a
protective liner 264L formed on any exposed portions of the
active region 202A and on surface areas of the gate electrode
structures 260. To this end, well-established deposition tech-
niques, such as multi-layer deposition processes, low pres-
sure chemical vapor deposition (LPCVD) or any combination
thereot, may be applied i order to provide a silicon nitride
material having a thickness of one to several nanometers. It
should be appreciated that any such deposition techniques for
forming a highly conformal silicon nitride material are well
established 1n the art.

FI1G. 2¢ schematically illustrates the device 200 during one
or more 1mplantation processes 203, 204. For example, dur-
ing the implantation process 203, a drain and source dopant
species may be incorporated into the active region 202A,
thereby forming source and drain extension regions 252E.
Thus, during the implantation process 203, the protective
liner 264L. 1s present and substantially determines the lateral
olfset of the entry point of the process 203 with respect to the
clectrode material 262. Due to the highly conformal deposi-
tion of the material 264L., the offset 1s substantially deter-
mined by the 1nitial layer thickness of one to several nanom-
cters, thereby enabling a desired overlap of the drain and
source extension regions 252E with the electrode material
262 on the basis of a reduced implantation dose. Conse-
quently, the resulting PN junction of the extension regions
252F has a reduced concentration gradient compared to con-
ventional transistors formed on the basis of dedicated oflset
spacers, such as the spacer 165 as shown 1n FIGS. 1q and 15,
which may thus reduce the gate-induced drain leakage. It
should be appreciated that other implantation parameters,
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such as implantation energy, may be readily adapted to the
presence of the liner 264L in order to obtain the desired
penetration depth.

Thereatter, 1f required, the further implantation process
204 may be applied so as to incorporate a counter-doping
species 1n order to form counter-doped or halo regions 254,
wherein the term counter-doped 1s to be understood with
respect to the conductivity type of the drain and source exten-
sionregions 252E. Also 1n this case, the reduced lateral offset
provided by the protective liner 2641, may result in a reduced
implantation energy during the process 204, thereby also
contributing to superior process conditions.

After the implantation processes 203, 204, the processing
may be continued by depositing a spacer layer which, 1n some
illustrative embodiments, may be formed on the basis of a
dielectric material having very similar etch characteristics
compared to the cap layer 267. For example, the spacer layer
may be provided in the form of a silicon dioxide material,
which may be deposited on the basis of well-established
deposition techniques. Thereafter, a patterning process may
be performed 1n which the protective liner 264L. may be
elliciently used as an etch stop layer so as to obtain sidewall
spacer elements.

FIG. 2d schematically illustrates the semiconductor device
200 with a spacer 266 formed on the liner 264L. To this end.,
a process sequence may be applied, as described above. Con-
sequently, the positioning of the drain and source extension
regions 252F with respect to the gate electrode structure 260
and the patterning of the spacer elements 266 may be accom-
plished without unduly contributing to a material erosion of
the active region 202A. In some illustrative embodiments, a
turther implantation process 205 A may be performed so as to
incorporate the dopant species for deep drain and source areas
252D, which may be accomplished in the presence of the liner
2641, as shown 1n FIG. 2d. On the other hand, the spacer
clement 266 may define the lateral profile of the deep drain
and source regions 252D. In other illustrative embodiments,
the implantation process 205A may be omitted 1n this manu-
facturing stage.

FIG. 2e schematically illustrates the semiconductor device
200 1n a further advanced manufacturing stage. As shown, the
liner 2641 (FIG. 2d) may be patterned so as to remove any
exposed portions thereof, thereby forming a protective liner
or spacer 264 having a first portion 264B formed on sidewalls
of the gate electrode structure 260 and thus confining the
materials 261 and 262. Furthermore, the spacer or liner 264
comprises a second portion 264 A formed on the active region
202A, 1.e., the extension regions 252E, wherein the lateral
extension of the portion 264 A 1s substantially determined by
the width of the spacer 266. The patterning of the liner 264L
(FI1G. 2d) may be accomplished on the basis of a “mild” etch
process, for instance, based on wet chemical etch chemistries
or plasma assisted etch recipes, wherein a plurality of selec-
tive etch recipes are available for etching silicon nitride selec-
tively with respect to silicon dioxide and silicon matenal.
During the corresponding etch process, a certain degree of
recessing, as indicated by 250Y, may be generated, however,
with a significantly lesser degree compared to the pronounced
recessing of the active region 102A of the semiconductor
device 100 as shown in FIGS. 1a and 15. Moreover, 1t 1s to be
appreciated that the recessing 250Y 1s laterally offset from the
gate electrode material 262 by the spacer 266.

As discussed above with reference to FIG. 24, the pattern-
ing of the liner 264L may be performed after incorporating
the deep drain and source areas 252D so that the liner may still
act as an eflicient etch stop material upon performing several
masking steps and resist removal processes, as are typically
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required for incorporating the drain and source dopants for
transistors of different conductivity type. In other cases, as
shown 1n FIG. 2e, an implantation process 205B for forming
the deep drain and source areas 252D may be applied after
forming the protective liner or spacer 264. Thereatter, one or 5
more anneal processes may be applied so as to adjust the final
vertical and lateral dopant profile and also to re-crystallize
implantation-induced damage. In this case, superior eifi-
ciency may be obtained, 1n particular 1n the vicinity of chan-
nel regions 251 with respect to dopant activation and re- 10
crystallization due to the reduced implantation dose used for
forming the extension regions 252E.

FIG. 2f schematically illustrates the device 200 1n a further
advanced manufacturing stage in which an etch process 206
may be applied so as to remove the spacer 266, wherein, as 15
previously discussed, at the same time, the dielectric cap layer
267 may be removed. For example, the etch process may be
performed on the basis of hydrofluoric acid (HF) 11 the com-
ponents 266 and 267 are substantially comprised of silicon
dioxide. In this case, the spacer 264 may act as an efficient 20
ctch stop matenal, while also high selectivity with respect to
the active region 202 A and the electrode material 262 may be
achieved 1n order to avoid undue material erosion 1n these
components. On the other hand, 1n some illustrative embodi-
ments, the etch process 206 may at the same time prepare any 25
exposed surface areas of the active region 202A and also the
material 262 for a subsequent process for forming a metal
silicide, thereby contributing to a highly efficient overall
manufacturing tflow. At the same time, the removal of the
spacer structure 266 may result 1n an increase of the distance 30
between the gate electrode structures 260. On the other hand,
the L-shaped spacer 264 may nevertheless provide an effi-
cient silicidation mask 1n order to determine the lateral offset
ol a metal silicide material to be formed 1n drain and source
regions 2352. 35

FI1G. 2g schematically 1llustrates the device 200 1n a further
advanced manufacturing stage. As shown, the basic configu-
ration of transistors 250A, 250B 1s completed, 1.e., a metal
silicide 253 1s formed 1n the drain and source regions 252 and
also a metal silicide 263 1s formed in the gate electrode 40
structures 260. To this end, any appropriate silicidation tech-
nique may be applied. As discussed above, the lateral offset of
the metal silicide region 253 1s substantially determined by
the portion 264 A of the liner or spacer 264. Moreover, for a
given geometric configuration of the device 200, a lateral 45
space between the gate electrode structures 260 may be
increased, as indicated by the lateral distance 250X, due to the
complete removal of the spacer element 266 (FIG. 2¢) and
due to the absence of any further spacer elements, such as
offset spacers used in the conventional approach in the form 50
of the spacer elements 165 (FIGS. 1a, 15). Consequently,
during a subsequent deposition process, significantly less
critical surface conditions are encountered, which may result
in a significantly reduced probability of creating deposition-
related irregularities. Furthermore, as indicated, the recessing 55
250Y may also be significantly less pronounced compared to
the conventional strategies, thereby enabling providing an
increased thickness of the metal silicide region 253, which in
turn may result in superior contact resistivity.

FI1G. 2/2 schematically 1llustrates the device 200 1n a further 60
advanced manufacturing stage. As shown, a first dielectric
layer 221 of a contact level 220 may be formed above the
active region 202A and the gate electrode structures 260. Due
to the increased distance 250X, the layer 221 may be provided
with a desired layer thickness with a significantly reduced 65
probability of creating any voids, which may conventionally
contribute to pronounced yield losses due to buried tungsten

12

channels, as discussed above. Hence, a further dielectric
material 222 may be reliably patterned on the basis of the
material layer 221 and subsequently contact openings may be
formed, as 1s also discussed above with reference to the
device 100. It should be appreciated that, in some 1llustrative
embodiments, at least the maternial layer 221 may be provided
with a high internal stress level 1n order to further enhance
performance of the transistors 250A, 2508, wherein an
increased amount of stressed material may be prowded due to
the icreased distance 250X, or wherein, for a given layer
thickness, the probability of creating deposition-related voids
may be significantly reduced.

As a result, the present disclosure provides manufacturing
techmques and semiconductor devices in which the omission
ol an offset spacer for profiling the drain and source extension
regions in combination with an efficient removal of the spacer
used for forming the deep drain and source areas may result in
a final transistor geometry that significantly relaxes any con-
straints for the deposition of an interlayer dielectric material,
such as a highly stressed dielectric material. At the same time,
the silicon loss 1n the active region 1s significantly lower and
1s oflset farther away from the channel region, thereby also
contributing to enhanced electrical device characteristics.
Finally, since process steps such as deposition of an offset
spacer material and the patterming thereof may be omitted,
overall throughput of the overall fabrication process may be
increased. Hence, high performance transistors for low power
applications may be provided with superior characteristics
and higher production yield at an increased overall through-
put.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For example,
the process steps set forth above may be performed in a
C
{

lifterent order. Furthermore, no limitations are intended to
he details of construction or design herein shown, other than
as described 1n the claims below. It 1s therefore evident that
the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the mvention. Accordingly, the protection
sought herein 1s as set forth 1n the claims below.

What 1s claimed:
1. A method of forming a semiconductor device, the
method comprising:

forming a protective liner above an active region and a gate
clectrode structure formed on said active region, said
gate electrode comprising a dielectric cap layer, wherein
the protective liner 1s formed on and 1n contact with the
gate electrode structure and on and 1n contact with an
upper surface of the dielectric cap layer;

performing a first 10n 1implantation process to form drain
and source extension regions 1n said active region in the
presence of said protective liner;

forming a spacer structure on and i1n contact with said
protective liner;

removing an exposed portion of said protective liner by
using said spacer structure as an etch mask so as to
thereby expose the upper surface of the dielectric cap
layer and portions of the active region; and

performing a second i1on implantation process to form
drain and source regions by forming deep drain and
source areas in said exposed portions of the active region
in the presence of said spacer structure.

2. The method of claim 1, further comprising performing a

common etching process to remove the spacer structure and
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said dielectric cap layer, wherein a non-removed portion of

said protective liner acts as an etch stop material during the
common etching process.

3. The method of claim 2, further comprising forming a
metal silicide 1n said gate electrode structure and said drain
and source regions.

4. The method of claim 1, further comprising forming a
strain-inducing dielectric material above said drain and
source regions and above said gate electrode structure.

5. The method of claim 1, further comprising performing a
third implantation process so as to itroduce a counter doping,
species 1n the presence of said protective liner.

6. The method of claim 1, wherein forming said spacer
structure comprises depositing a silicon oxide material and
patterning said silicon oxide material so as to form a spacer
clement.

7. The method of claim 6, further comprising forming said
dielectric cap layer from a silicon oxide materal.

8. The method of claim 1, further comprising forming said
gate electrode structure with a gate length of 40 nm or less.

9. A method, comprising:

forming a protective liner above an active region of a tran-

sistor, said protective liner covering a gate electrode
structure formed on said active region, said gate elec-
trode comprising a dielectric cap layer, wherein the pro-
tective liner 1s formed on and in contact with the gate
clectrode structure and on and 1n contact with an upper
surface of the dielectric cap layer;

performing a first 1on implantation process to form drain

and source extension regions by incorporating a drain
and source dopant species 1n said active region through
said protective liner;

forming a spacer element on and 1n contact with said pro-

tective liner;

removing an exposed portion of said protective liner by

using said spacer structure as an etch mask so as to
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thereby expose the upper surtace of the dielectric cap
layer and portions of the active region; and

performing a second i1on implantation process to form

drain and source regions 1n said exposed portions of said
active region by using said spacer element as an 1mplan-
tation mask; and

performing a common etch process to remove said spacer

clement and said dielectric cap layer of said gate elec-
trode structure after forming said drain and source
regions.

10. The method of claim 9, wherein a non-removed portion
of said protective liner acts as an etch stop material during the
common etching process.

11. The method of claim 9, wherein performing said com-
mon etch process further comprises preparing exposed sur-
face areas of said drain and source regions for forming a metal
silicide therein.

12. The method of claim 9, wherein forming said spacer
clement comprises depositing a silicon oxide material on said
protective liner and patterning said silicon oxide material by
using said protective liner as an etch stop layer.

13. The method of claim 9, further comprising forming said
gate electrode structure so as to mclude a high-k dielectric
material.

14. The method of claim 9, further comprising patterning
said protective liner by using said spacer element as an etch
mask.

15. The method of claim 14, wherein said protective liner 1s
patterned prior to forming said drain and source regions.

16. The method of claim 14, wherein said protective liner 1s
patterned after forming said drain and source regions.

17. The method of claim 9, further comprising forming a
strain-inducing dielectric layer above said active region and
said gate electrode structure after removing said spacer ele-
ment.
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